Objectives: Acute pain is a common presenting complaint in health care. Yet, undertreatment of pain remains a prevailing issue that often results in poor short-and long-term patient outcomes. To address this problem, initiatives to improve teaching on pain management need to begin in medical school. In this study, we aimed to describe medical students' perspectives of their curriculum, comfort levels, and most effective pain teaching modalities. Materials and methods: A cross-sectional, online survey was distributed to medical students at the University of Alberta (Edmonton, Canada) from late May to early July 2015. Data were collected from pre-clerkship (year 1 and 2) and clerkship (year 3 and 4) medical students for demographic characteristics, knowledge, comfort, and attitudes regarding acute pain management. Results: A total of 124/670 (19.6%) surveys were returned. Students recalled a median of 2 (interquartile range [IQR]=4), 5 (IQR=3.75), 4 (IQR=8), and 3 (IQR=3.75) hours of formal pain education from first to forth year, respectively. Clerkship students were more comfortable than pre-clerks with treating adult pain (52.1% of pre-clerks "uncomfortable" versus 22.9% of clerks, p<0.001), and overall, the majority of students were uncomfortable with managing pediatric pain (87.6% [64/73] pre-clerks and 75.0% [36/48] clerks were "uncomfortable"). For delivery of pain-related education, the majority of pre-clerks reported lectures as most effective (51.7%), whereas clerks chose bedside instruction (43.7%) and small group sessions (23.9%). Notably, 54.2%, 39.6%, and 56.2% of clerks reported incorrect doses of acetaminophen, ibuprofen, and morphine, respectively, for adults. For children, 54.2%, 54.2%, and 78.7% of clerks reported incorrect doses for these same medications. Conclusion: Medical students recall few hours of training in pain management and report discomfort in treating and assessing both adult and (more so) pediatric pain. Strategies are needed to improve education for future physicians regarding pain management.
Introduction
Oligoanalgesia, the undertreatment of pain, is a recognized problem and can have numerous detrimental effects for patients of all ages. 1 In adults, inadequately treated pain can compromise sleep and physical functions, increase health care costs, and is a common reason for patients to return to hospital after discharge. [2] [3] [4] [5] In children, it can increase length of stay and cause slow healing as well as emotional trauma and suffering.
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World Health Organization has suggested that pain treatment is a public health concern of major significance. 7 Undertreatment of pain is a well-documented problem for children, [8] [9] [10] as only two-thirds of children in pain have been shown to receive analgesia, both in the emergency department and inpatient settings. 8, 9 Several hypotheses exist to explain this finding, including physician's lack of comfort with medication dosing and adverse effects, the belief that children do not feel pain like adults and/or will not remember it, the inability of young children to verbalize their needs, potential for opioid dependency, risk of oversedation, and lack of guidelines. 11, 12 Pediatric pain management education in medical school has been shown to improve knowledge, confidence, attitudes, and self-reported skills. [13] [14] [15] However, within most medical school pain curricula, a stronger focus is placed on adult pain management 16 and little is known about the medical students' understanding of pediatric pain management and assessment.
Previous studies have shown that educational initiatives aimed at improving health care providers' knowledge of pain management and decrease pain experience for patients. 17 Thus, there have been calls to increase and standardize the undergraduate medical pain curriculum 18 as a means of addressing inadequate pain management by practicing physicians. 1, 5, 19 This study is especially timely, as 2018 has been identified as the global year for excellence in pain education by the International Association for the Study of Pain. 20 Overall, while 80% of US schools and 92% of Canadian schools mandate pain education sessions, significant variation in pain curricula throughout US and Canadian medical schools exists. 16 Further, rather than providing a dedicated block, the undergraduate medical school pain curriculum is often fragmented and taught as small components spread out over multiple core courses. 16 Previous studies have identified themes in pain education and areas of the pain curriculum that may be lacking adequate coverage in medical school, including oncologic pain, pediatric pain, geriatric pain, risks of opioid use, and medicolegal consequences of pain treatment. 16, 18 However, to our knowledge, no research has assessed the medical students' perspectives on their own curriculum or their knowledge of pain management, especially in the acute care setting. Additionally, none have explored the differences between years 1 and 2 (pre-clerkship) and years 3 and 4 (clerkship) medical students who have varying levels of clinical exposure and may require different styles of teaching.
The purpose of our study was to evaluate medical students' perceptions of acute, non-oncologic pain management in both adults and children and the delivery of this in their medical education. Our study objectives were to describe current medical training received in acute pain management, evaluate students' knowledge of pain assessment techniques and analgesics, and gauge their level of comfort in assessing and treating acute pain. Furthermore, we wanted to determine what they perceived were facilitators and barriers of optimal pain management.
Materials and methods
Study design and participants
All medical students (n=670) enrolled at the University of Alberta (Edmonton, Canada) were identified through the undergraduate medical education listserv, an application used to distribute information to a list of subscribers through electronic mail. Students were invited to complete an online survey through MedSIS, a secure electronic platform utilized by the University of Alberta medical school for course and grade management. The electronic survey was administered using a modified Dillman 21 approach over a 3-month study period. An introduction letter including a link to the survey was sent on day 0. Reminders were sent on days 14 and 30 and the survey was closed on day 60. The survey period took place between late May and early July. Consent was implicit in completion of the survey; respondents were able to skip any questions that they wished. As a quality improvement initiative, this study was deemed exempt from ethics review by the University of Alberta Health Research Ethics Board.
Survey tool development
A novel survey tool was created, as no appropriate tool existed in the literature. 6 The survey was developed in accordance with currently published guidelines. 22 An expert panel of five individuals representing adult medicine, pediatric medicine, and medical education informed survey development. The survey was piloted with a group of five medical students to ensure face validity and sensibility of the questions. 23 Survey themes consisted of demographic characteristics (e.g., age, sex, year of training), knowledge, comfort, and attitudes regarding acute pain management. Knowledge questions included a recall of curriculum dedicated to pain assessment and management, the students' preferred modality for learning, and dosing of common analgesics for pediatric and adult patients. Comfort questions concerned students' pain assessment and treatment. Finally, students were also asked to rate their agreement with a series of pain management myths or statements (e.g., "children require less analgesia than adults as they will not remember the pain"), on a 
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Data analysis
Survey responses were collated and stratified by year of medical school: pre-clerkship (years 1 and 2) versus clerkship (years 3 and 4). Median scores and interquartile ranges (IQRs) were determined for continuous variables: comfort level with pain management, perceived importance and prioritization of pain management, and comfort with determining pain severity. Mann-Whitney tests for two-sample, unpaired comparisons were used to assess pre-clerkship and clerkship response differences, with an alpha level of 0.05 to determine statistical significance. Frequency distributions summarized the categorical variables (e.g., sex, year of medical school). Associations between sex and comfort level were also explored. Additionally, associations between hours of instruction and students' comfort in pain assessment, pain management, prescribing medication, and dosing of common pain medication were investigated.
Results
Demographic characteristics
A total of 124/670 (19.6%) students completed the survey during the study period. Three were excluded from comparative analysis as their year of medical school was not indicated, resulting in 121 analyzed surveys; 73/121 (60.3%) of the respondents were pre-clerks and 48/121 (39.7%) were clerks. The majority of pre-clerks (87%) were between 19 and 25 years of age and half of the clerks (50%) were between 26 and 30 years of age (Table 1 ). In the month before completing the survey, a total of 31/121 (25.6%) of the students, of whom 21/121 (17.3%) were pre-clerks and 10/121 (8.3%) were clerks, had >7 days of personal experience using pain medications for themselves or for a close family member or friend (Table 1) .
Knowledge
Current curriculum and students' preferences for delivery of pain education Students recalled a median of 2 (IQR=4), 5 (IQR=3.75), 4 (IQR=8), and 3 (IQR=3.75) total hours of formal pain education from first to fourth year, respectively. Students from all 4 years felt that the primary method of delivering education on pain management in medical school was in lecture format. According to student responses, 70.3% and 47.4% of the preclerkship and clerkship curriculum, respectively, consisted of lectures. As lectures comprised a smaller proportion of clerkship curriculum, clerks received more training in the form of bedside teaching (33.3%) than pre-clerks (12.1%). Small group sessions were also utilized and comprised ~14% of teaching for both groups. All students recalled being taught several pain assessment scales, including the Verbal Numerical Scale (118/121 students; 98%), Faces Pain Scale (87/121; 72%), visual analog scale (VAS; 68/121; 56%), and Faces, Legs, Activity, Cry, Consolability scale (8/121, 6.6%; Table 2) .
A large proportion of students, 56.9% (41/72) of preclerks and 58.6% (27/46) of clerks, reported that there was no time devoted to pediatric pain in their curriculum. The remaining students recalled that the curriculum included 1%-25% of pediatric pain teaching (Table 2 ). Our data show that for the first 2 years of medical school, lectures (84.1%) were primarily used to deliver pediatric-specific instruction, whereas bedside teaching (41.7%) and lectures (38.9%) were the main teaching formats in clerkship (Table 2) .
Overall, while pre-clerkship students thought lecture was the most effective way to have their acute pain education delivered (45/66; 51.7%), clerkship students felt that bedside teaching (31/38; 43.7%) was more effective ( Table 2 ). As the curriculum at the University of Alberta Medical School was divided into blocks during pre-clerkship and rotations during clerkship, students were asked which block or clinical rotation they felt was the best in delivering teaching on acute pain management. Blocks are 6-14-week periods within a school year that are allotted to cover medical knowledge of different body systems. Pre-clerkship students reported that the top three blocks in which they received the most pain teaching were introduction to the profession (19/81), oncology (15/81), Perceived importance and actual emphasis on teaching of acute pain management
We asked students if they felt treatment of acute pain was important and pre-clerkship students responded with a median of 90/100 mm on a VAS (IQR=20), where 0 mm was "very unimportant" and 100 mm was "very important".
Likewise, clerks gave a rating of 95/100 mm (IQR=14) on the same scale. However, when asked about the degree at which pain education was prioritized in the overall medical curriculum, both pre-clerkship and clerkship students reported a median rating of 32/100 mm (IQR=35 and 31, respectively).
Comfort
Comfort with pain assessment and treatment in preclerkship and clerkship
On a similar VAS where 0 mm was "very uncomfortable" and 100 mm "very comfortable", clerks (n=48) Figure 1B ). However, all students were less comfortable with treating pediatric pain, as reflected by 83.6% pre-clerks stating they were "uncomfortable" versus 52.1% of clerks ( Figure 1B) . Overall, there was no significant association between sex and level of comfort in adult (p=0.79) or pediatric (p=0.87) pain management.
The comfort levels of clerks and pre-clerks in prescribing oral acetaminophen, oral ibuprofen, intravenous morphine, and oral codeine were approximately the same for both adults and pediatric patients (Figure 2 ). Clerks (n=26) were, however, more comfortable with prescribing oxycodone in adults (median 47 mm [IQR 51] versus pre-clerks 0 mm [IQR 11]), but there were not enough respondents (n=1) to draw conclusions regarding oxycodone in pediatric patients.
For dosage questions in the adult scenarios, a correct dose of oral acetaminophen was defined as any value between 650 and 1000 mg, oral ibuprofen as any value between 400 and 800 mg, and intravenous morphine as any value between 2.5 and 5 mg. For the pediatric scenarios, a correct dose of oral acetaminophen was defined as any value between 10 and 15 mg/kg, oral ibuprofen as any value between 5 and 10 mg/ kg, and intravenous morphine as any value between 0.05 and 0.1 mg/kg. All dose recommendations were obtained from Lexicomp. 24 Pediatric scenarios were based on an otherwise healthy 10 kg child, and adult scenarios were based 
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Medical students' perspectives on acute pain management on an otherwise healthy 75 kg adult. Remarkably, 54.2%, 39.6%, and 56.2% of clerks reported incorrect doses of acetaminophen, ibuprofen, and morphine, respectively, for adults ( Figure 3 ). For children, 54.2%, 54.2%, and 78.7% of clerks reported incorrect doses for these same medications ( Figure 3 ).
Attitudes Pain management myths and facts
On a five-point Likert scale, clerks and pre-clerks were asked to indicate their thoughts on certain pain management myths and facts. Clerks and pre-clerks responded similarly to most statements. However, more pre-clerks than clerks thought 
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Barriers and facilitators
Students identified that the top barriers to adequate pain management in adults were: 1) drug adverse events and contraindications, 2) fear of addictions/dependencies/tolerance, and 3) insufficient physician training. Top reported facilitators were: 1) good patient-physician communication, 2) physician education, and 3) involvement of multidisciplinary team (Table 4) . For optimal pediatric pain management, the barriers were: 1) insufficient physician training, 2) communication barriers, and 3) drug adverse effects and contraindications. Facilitators to optimal pediatric pain management were: 1) physician/parental education, 2) health care team/parental support, and 3) good communication (Table 4) . 
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Medical students' perspectives on acute pain management received a total of 54 hours of education on topics related to pain, with sessions provided as either 1-hour lectures or 2-hour small group discussions. In total, there were 23 lecture hours and 30 small group hours (Table 5) . Of these, only 1 hour of lecture was noted to contain pediatric pain content. The report further showed that the clerkship curriculum consisted of 8 hours of lectures and 18 hours of small group sessions containing pain content during clerkship.
Discussion
In this survey of undergraduate medical students from the University of Alberta, Canada, we found students recalled, at the most, 7 hours of formal education on pain management in either pre-clerkship or clerkship, and they reported that it had been primarily delivered in didactic formats. Clerkship students were more comfortable with managing and assessing pain than pre-clerkship students, indicating that clinical experience and education received during this time did positively influence medical students' knowledge of pain management. However, both groups were uncomfortable with management of pain in children. Overall, correct dosing of common analgesics for adults by clerkship students was poor, and accuracy worsened when dosing medications for children. a Answered as per a five-point Likert scale from strongly disagree to strongly agree; responses were then grouped into three categories: agree, disagree, or neither agree nor disagree. 
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Consensus among students was that pain management is important but teaching on this topic was not prioritized in their medical curriculum. Survey respondents recalled <5 hours of teaching on pain management in their previous school year when curriculum mapping showed they, in fact, received up to 54 hours in pre-clerkship and 26 hours during clerkship. Coverage for pediatric pain was variable and consisted of simulations or isolated learning opportunities during pediatric medicine rotations. Teaching sessions were mainly focused on the anatomy of pain structures and assessment of conditions that cause acute or chronic pain. Little emphasis was placed on the practical assessment and treatment of acute pain. Additionally, a large part of this curriculum was dedicated toward treating the conditions associated with pain rather than directly about managing pain itself. Sessions on pain were also scattered throughout various blocks, which potentially affected students' perception of how little teaching they received, and made it difficult for them to recall targeted education on acute pain. Furthermore, pain teaching was not standardized for clerks, whose learning experiences vary depending on their assigned placements and preceptors as they are sent to different hospitals to gain more clinical exposure. These factors could contribute to how much clerks can recall about pain management.
Our findings were in line with a Canada-wide study that showed two-thirds of medical schools could not identify any pain education in their curriculum. 25 However, our findings differed from American programs that reported formal pain education curricula. For example, at the University of Washington School of Medicine, there were 25 hours of mandatory teaching. It has been previously shown that medical students of all ages have significant "opiophobia" (an unwillingness to prescribe opioids for fear of patient addiction or legal sanctions), and that personality traits and desired postgraduate specialty influence this phobia. 26 Introducing a formal pain curriculum is a potential solution to train physicians with knowledge and comfort with acute pain management. In fact, in 2012, Germany introduced pain management as a mandatory subject in medical school to prioritize knowledge of this important issue. 27 Other schools that have instituted similar mandatory programs hope that more training will "increase knowledge and competency in biopsychosocial measurement-based pain narrative and risk assessment, improve understanding of persistent pain as a chronic complex condition, and expand the role of patientcentered inter-professional treatment for medical students, residents, and fellows, leading to better prepared practicing physicians". 28 Survey respondents recalled their teaching primarily in didactic format; however, most students indicated small group and bedside teaching methods would be more effective. Previous studies, including a systematic review, have shown that non-didactic formats, such as web-based modules and small group problem-based learning, or case-based discussions were effective at improving pain management outcomes such as knowledge, confidence, attitudes, self-confidence, and patient care. 13, 14, 17, 29 Given the desire of students to receive teaching in non-lecture format, and the evidence of improved knowledge uptake, we advocate for the pain management curriculum to be delivered in formats such as small group, online modules, and bedside teaching.
Across all years, students were uncomfortable in both managing and assessing pain in children. This is consistent with previous literature that showed poor pre-intervention scores on knowledge tests. 13, 14 These studies demonstrated improvement with interventions such as web-based modules and problem-based learning. Interestingly, Ameringer et al showed that confidence in assessing pediatric pain improved from only 6% to 25% following an online module; still, most students (71%) said they intend to make positive changes to their practice based on the module. 14 We also know from previous studies that pediatric pain management in practice is often suboptimal; 13 this is supported by findings from mapping the current medical undergraduate curriculum, which showed that pediatric pain teaching was limited to just 1 hour of lecture time during pre-clerkship.
The dosing accuracy of medical students for both adult and pediatric patients was very poor, even for common medications such as ibuprofen and acetaminophen. Further, these students, who incorrectly dosed acetaminophen and ibuprofen 50%-95% of the time, indicated very high (80-90 mm) comfort with dosing these same medications. This suggests medication dosage teaching is not well retained by students, and that their comfort and confidence in dosing these medications is incongruent with their demonstrated capacity to do so in hypothetical scenarios. A recent survey of newly graduated Irish medical students agreed with this, finding 89% felt confident in prescription writing, but only 58% in drug dose calculations; only 28% agreed that their medical education had prepared them for prescribing medications. 30 Dosing accuracy and retention should be important aspects of the undergraduate pain management curriculum. Overall, this survey has revealed that students recognize the importance of adequate analgesia and want pain education prioritized using teaching modalities that best suit their learning needs.
Limitations of this study included a low response rate, recall bias, and the fact that respondents were from a single medical school in Canada. The low response rate was likely due to non-ideal timing of survey distribution. The survey was sent out near the end of the school year and many students were either occupied by final exams or were on vacation. Furthermore, this study was performed at a single university, and thus was not necessarily generalizable to other medical schools. We do feel, however, that the students' identification of barriers and facilitators, preferred teaching modality, agreement with myths/facts, and pre-clerkship students' comfort with assessing and managing acute pain will be relevant to other medical schools.
To improve the response rates, we could have distributed the survey earlier in the year to avoid exam and vacation time and to give us the opportunity to talk to students directly in class to offer them the option of filling out paper surveys. Small gifts could also have been used as incentives for completing the survey. Another future direction for this study would be to perform a faculty survey to gather responses from curriculum planners and course coordinators who design and execute courses. The aim would be to evaluate their thoughts on the current pain curriculum and query their expertise on potential improvement strategies. It would also be relevant to distribute the same surveys to faculty and students from other medical schools in Canada.
Conclusion
Students reported that education about pain assessment and management was very important to acquire in undergraduate medical training. However, they felt that this perceived importance was not reflected in their actual medical curriculum. Further, when assessing their knowledge of commonly used analgesics, students failed to demonstrate an ability to safely dose these medications. Students reported even greater discomfort when assessing and treating children. Educational strategies are required to address student-identified challenges in the current pain curriculum, which include higher prioritization and hours devoted to pain management instruction, emphasis on pediatric patients, and teaching in non-didactic formats. With suggested curriculum changes, undergraduate medical programs could ensure that future physicians will receive adequate training in pain management, which would ideally result in better patient care.
